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Summary
The degradation of polyethylene terephthalate with diethanolamine and triethanoamine was studied. The structure of the polyethylene terephthalate degradation products was established by IR spectroscopy and elemental analysis.
First produced in the 1940s, polyethylene terephthalate (PET) was originally intended for the production of fibres, but as early as the 1960s it began to be used for the production of film. In 1973, the PET bottle was patented in the United States. Today, PET is the most widely used plastic in the packaging industry. Trade names include 'polyester', 'lavsan', 'dacron', etc. The volume of PET use is so great that one of the most important problems is to recycle processing waste and spent products [1] .
In research by Polish scientists [2] , a study was made of the interaction of diethanolamine (DEA) and triethanolamine (TEA) with PET. Reactions were conducted at 200-210°C with the use of a catalyst. IR spectroscopy established that the reaction proceeded with the formation of an ester bond.
Previously [3] we studied the degradation of PET in monoethanolamine (MEA). It was established that the reaction proceeded by a mechanism of aminolysis with the formation of terephthalic acid amides.
The aim of this work was to study the interaction of PET with DEA and TEA at 180°C.
For the investigation, use was made of analyticalgrade DEA and TEA, and also waste of PET production at the ADA Uralplast Open Joint Stock Company in Ekaterinburg (MW 39 000-40 000, as determined by viscometry [4] ).
The interaction of ethanolamines was carried out in a three-necked flask equipped with a mechanical stirrer and a reflux condenser at 180°C for 2 h. Mass ratios of polyethylene terephthalate to ethanolamine of 1:2, 1:1,5, and 1:1 were employed. As a result of the reaction, dark-brown suspensions were formed that solidified on cooling. Hydrochloric acid (up to pH 1-2) was added to the obtained suspensions. As a result of the interaction, the formation of a white precipitate was observed, which was filtered and washed with distilled water to pH 7. Obtained precipitates were dried at a temperature of 100°C and analysed by IR spectroscopy on a Nicolet 6700 spectrometer (Thermo Electron Corporation) ( Figure 1 ) and by elemental analysis ( Table 1) .
Comparing the IR spectra of products of interaction of PET with DEA and with TEA, the IR spectra of terephthalic acid (TPA), and those of PET, it can be noted that the absorption band in the 1710.6 cm -1 region that is characteristic of stretching vibrations of the ester group of PET is absent in the degradation product. In the products formed by the interaction of PET with DEA and with TEA, bands were found in the 1683.6 cm −1 and 1683.1 cm −1 regions, corresponding to stretching vibrations of the COOH group [5] [6] [7] . The IR spectra of products of interaction of PET with DEA and with TEA are identical to the IR spectra of terephthalic acid (TPA).
Elemental analysis ( Table 1 ) of products of interaction of PET with DEA and with TEA confirms that the obtained substance is terephthalic acid. Thus, the reaction of PET with DEA and with TEA proceeds by the mechanism of hydrolysis with the formation of TPA (Figure 2 ).
In the case of the reaction of PET with DEA, the masterbatch after separation of TPA, containing diethanolamine chlorohydrate and ethylene glycol, was subjected to phosphorylation by the Kabachnik-Fields procedure [8, 9] . As a result of the reaction, bis-2-hydroxyethylaminophosphonic acid was formed [9] ( Figure 3 ). To produce a flame-retarding composition (FRC-1), the phosphorylation products were neutralised with ammonia (concentration 25%) to pH 7.
Parallel tests were carried out to produce an FRC from the products of interaction of PET with DEA without a preliminary stage of TPA precipitation. After separation of the TPA from the phosphorylation product, the obtained masterbatch comprised a mixture of bis-2-hydroxyethylaminophosphonic acid and ethylene glycol. After neutralisation with ammonia to pH 7, a flame-retarding composition was obtained (FRC-2). The characteristics of the FRCs are given in Table 2 .
For a preliminary assessment of flame-retarding effectiveness, in the process of developing the compositions, the method described in the GOST 16363-98 standard [10] was employed, with the use of an OTM-type unit, on pinewood specimens of 150 x 60 x 30 mm size. The test results are presented in Figure 4 .
The best properties are possessed by FRC-2, and with a consumption of 100 g/m 2 the weight loss of the wood amounted to less than 10%. According to GOST 16363-98, this composition can be placed in class 1 of fire-retarding effectiveness for wood.
As a result of studying the interaction of PET in DEA and in TEA it was established that complete degradation of PET occurs with the formation of terephthalic acid and ethylene glycol. After the separation of TPA, a highly effective nitrogen-and phosphorus-containing flameretarding composition for wood was obtained from the masterbatch.
Thus, the results of this investigation can be used as a basis in the development of waste-free polyethylene terephthalate recycling technology with the production of terephthalic acid and a flame-retarding composition for wood. 
